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FOREWORD

Study to develop a supporting cost data base was conducted by General

Dynamics Convair Aerospace Division, San Diego, California, under

USAT Contract F33615-72-C-2083. The contract, titled "Weapon System

Costing Methodology for Aircraft Airframes and Basic Structures, ' was

initiated under Project 1368, "Advanced Structures for Military Aerospace K
Vehicles, '" Task 136802, ''Structural Integration for Military Acrospace !
Vehicles, " The work was administered under the direction of the Air '
Force Flight Dynamics Laboratory, Structures Division, Wright-Patterson

Air Force Base, Ohio, under the direction of Mr, R, N, Mueller (AFFDL/

FBS) as Project Engineer,

This report covers work conducted from July, 1972 to November, 1973
and was submitted by the author in December 1973, under General Dynam-
ics Report CASD~-AFS-73-001 as an Interim Technical Report. The princi-

pal author and project leader on this program is Mr, R, E, Kenyon of Con-
vair Aerospace,

This report has been reviewed and is approved for publication.

=2
EITH I, COLLIER R. N. MUELLER
Chief, Advanced Structures Branch Project Engineer
Structures Division FBS

Air Force Flight Dynamics Laboratory
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ABSTRACT

This volume presents the cost data used as the basis for developing the
trade cost estimating technique for acrodynamic surfaces, Other data
that has become available in the course of the study is also presented.
Raw data and organized data are presented. An ultimate objective of the
study with respect to the cost data base is to present back-up data for
each individual CER, including both trade study and system costing
reclationships, 0

The cost trend data that is included was produced under an amendment to
the contract, Its intent was Lo provide a data base for cost cstimate
evaluation,
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SECTION I
INTRODUCTION

This volume presents the cost data used in the formulation of cost estimating relation-
ships for the aerodynamic surfaces trade study cost estimating module, and the cost
trend data that was prepared as an add-on task to the basic contract, An overlap exists
between trade study and system cost data in the area of commonly used cost estimating
relationships, i,e,, the data supporting development of nonrecurring cost estimating
relationships, Such data is included under trade study cost data (Section 2. 3) since it

was first used for this purpose,

Trade study cost data is described in terms of the effort directed towards its cellec-
tion and in terms of its subsequent organization, Minimum data consists of at least
one data point suitable for use as an analog. Cost data is organized to support the

CER structure,

System cost data will ultimately be included and will cover subsystem level data and
airframe level data, Airframe level data is to be used in the verification of the ¢ ti-
mating method inasmuch as this is a more commonly available level of cost.

Cost trend data is supplementary data prepared as an add-on task, It reflects an
effort to show general cost irends. To a degree it also serves as background to the

estimating procedures.

In addition to the above data and as a matter of convenience, work sheets showing the
back-up data for the derivation of complexity factors for design options used in the
estimating procedure as outlined in Volume IV are included in this data volume as
Appendix A. Inclusion of this data provides a basis for interpolation between com-
plexity factors for perceived variations in construction methods.




SECTION II
TRADE STUDY COST DATA

2.1 SUBASSEMBLY LEVEL COST DATA COLLECTION

Major aircraft structural components were analy.ed at 2 subassembly level in order
to develop detailed cost data that could be related to the CER structure for manufac~
turing first unit cost in order to provide the cost data base for calibrating general
CERs, or as a minimum to provide a relevant set of cost estimating analogs, The
cost data and its development are discussed by major component in the following.

2,1.1 HORIZONTAL STABILIZER, Data shown for the horizontal stabilizer is that
developed for the feasibility study under Air Force Contract F33615~70~-C-1340, The
data and the steps in its development are discussed below by individual aircraft.

C-5A Horizontal Stabilizer

An initial analysis of the C-5A Horizontal Stabilizer first unit cost was completec. The
results of this analysis are shown in Table 1, These data were derived from an analy-
sis of actual costs together with planned standard hours to apportion costs to the break-
down indicated, This breakdown was inadequate, however, because it did not corres-
pond to to the CER format. Using these data as a starting point, a further breakout

to the desired format was accomplished., This required an analysis and sorting of
weight recorus, and a resorting of planning and detailed drawings to conform to the
weight breakdown that is the basis for the CER sti.cture. This resorting served also
to reconcile C-141 and C-5 breakdowns, which had not agreed since each one was in
accordance with its own assembly sequence, The CER weight breakdown format was
adhered to in preference to the assembly sequence so that the "ER structure matched
the output of the structural synthesis program. Weight records exist for each of

these parts,

Actual costs were allocated to this same level of detail. and then totaled according to
the CER and weight breakdown format. The resulting revised data is shown in Table 2,

C-141A Horizontal Stabilizer

The C~141A Horizontnl Stabilizer underwent the same initial and revised aralyses as
the C-5A, Table 3 shows the initiai data and the resulting revised data is shown in
Table 4.
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A(X) Horizontal Stabilizer

Cost estimates used in competitive bidding on the Air Force A(X) program were anal-
yzed to develop a data breakdown at a relevant level, The results of this analysis arc
presented in Table 5,

VF(X) Horizontal Stabilizer

The Navy VF(X) proposal cost estimates were analyzed in a manner similar to that
for the A(X), These dula are presented in Table 6.

F-111A Horizontal Stabilizer

The standard F-111A horizontal stabilizer was fabricated by Grumman Aircraft Cor-
poration. The data presented in Tables 7 and 8 were obtained from Grumman for
this study. The first siows basic manufacturing labor and material data, and the
second gives related tooling and inspection data. These data were further analyzed
to arrive at projected first unit costs for the comparison in the demonstration esti-
mates. The first 26 units shown include 23 RDT&E ship sets, and three sets of test
articles. A unit includes left and right stabilizers. The RDT&E phase was divided
into six lots. Tooling is based on a production capability of 16 units per month
although actual production was only from four to eight per month.

I'-11.B Experimental Boron Epoxy Horizontal Stabilizer

Material and structural cost data for the F~111B experimental boron cpoxy horizorn.al
stabilizer are presenied in Tables 9 and 10,

Note on Boron Epoxy Tape for F-111B Horizontal Stabilizer: 75,900 lineal fecet ot
NARMCO 5505 preimpregnated boron tape was order to manufacture five shipsets of
-111B horizontal stabilizers. The boron epoxy material weighed 1100 pounds, The
following procedure was used to establish a cost per pound value for the boron epoxy
material actually used in each shipset,

The boron material cost of $325,446 was divided by 1100 pounds to obtain a $296 per
pound cost for raw material, Scrappage and loss percentage, assuming the 1100 pounds
were all used, was calculated as follows:

163.3 Ib/ss x 5 = 815 Ib for 5 ss

1100 1b-- 815 1b = 285 1b scrapped or rejected

285
815

= 35% loss percentage




C——

cal e
L34 SV E [ O R P 065 ¢
tos 9 10a
AR ot
R (1IN
- sl Get
e wroj”
“UMAOY
/T

——,
——
———

————

£ieo

eny

o~
-~
-

59¢¢ o
151
(NN

48!

Nogg
“wnng

cerr 1121 |e¢ 862¢ 060 01 106
Ly 73 st 6L
a0l g0t 6uc cse
£RET
cse
2Lt
VOA,T I Ha (] LIS} AENY  HIoAu)y
a0y LI
RILTE |

190 AATMPIR]] HUY IS POBWNISY — J9Z1 GBI [FIUOZ IO XV "¢ e,

S8L°1E

(114 ¥
RZel
116t

¥C98

L52
RPE
¥59

Cb

('s1ly Kaoey Jo 43
101U Aieng

(-ansas-uou d19e(y)
&IMoY] A 100F

§ [uampy
sInojg

KRBV IPUl{ s Z40f

W o
“wa) KSRy mogng

RO R TN ITE

siItuNtW o

"I A[qssy xog ong

$ 1ru/mey
‘81y Kissy B qed

Tpuvaag

“onaig xog

$ rcuampy xog

“sa){ A|qQuIasSsSy xog]
R LS DI ¢

*s1f Alqueassy

"81H q84 utd 1’Twg

NOH AUVNIHL




N N s Ry M R RS R Ry

08BE6 - =

L1918 © S
nting S -

frTy
(AL - [ B - 0CC 9C AUL EE - LEC IR
nLE ot
ViR N 0ol
tor TRoL - - £0n8 9L -
Lt LORT. - - KOt K0G1 -
1€€9
AT Tarsy ERLTITS) L Sy & *3°L ‘@1 sfuuned AQqQssy
mut g 10y -TANT xod
RELERTS

150D BIEMPIEH I1U;) 1SI1] POIRUMET — JOTINIEIS [BIWOZLIOH XdA 9 2198l

["IFRET
Janan

T0Ald  yostny  saoug
101tMoy

goguri|

(say Arvn1asg ju %))
NGRS )

{"12n02Y -UnN NSTE)
TS YW VL

- G11°82 061°GF REP'CT

< ruany
s1nof]
LGSRy jculg uig ZUo0f

E3 LR S 15 3
sag Apssy ¥ and o

FINTINLS T

ST AIQSSY o 1anuag

L
¢ ruavy i

*s1yy AqSEY R QU
TIONI1G Nug] A Upunaag

o ¢ |erDIER] \og
S s1p AIqQuassy xog
GER'DL PRL. 304 $ 1ruMmeN

atEe £0G 06 *s1}] AlqQuassy
1ERY oLy 9611 ‘81){ QB4 W8] 1e1ag
Aqesy Jaaey sauwdg sqiy
xofl
aiseg




968 °LES
$06°G
08S 1
¥2E ¥

£€59°9
e 1

LES T
911°'¢S

8P1 L
it

96 1
L09°S

6618
i A

PEL T
S9¥% ‘9

0€8 '8
T
61T °L

000 ST
£96°2
L8021

1830,

G¢9
00¥%

ovL
88¥v

98
19%

08
807

9911
£60°'1

Xlquassy jeutd

sanoy Surangoeynuey [BMOY AR LJY — I9ZITIqEIS [BIU0ZLIOH TTT1-4

£¥e '1$

€0¢€
9LT

L¥C

022

€S

Le

LE

ary

GL6'ES

L01
hiN

¢o1
SPe

611
evd

¢tl
SIS

%A
L9Y

6%”
gr1e’l

150 '%$

LIl
ey

L01
S8%

921
0cs

LET
yes

191
L9%

892
8% '1

59pd JUITiedL

59p3 Bupes

160°92¢$
<GS

€€6°2

98%
999°¢

968
£0T'%

109
816 ‘¥

€29
0¥L'S

0821
SET'8

To[j0oG dJojua )

*3ay (sy1un 92) [BULIER

feioL
Alquassy
sirelag
"8ay (s31un 8) IA 307

1[ei0L
Alquassy
sirelegq
‘pAy (situn €) A 107

18101
Liquassy
[rejag

*Say (s311UN) $) AT 3071

1?0l
Llquassy
1reloq

*8Ay (s3TUN) 2) IO 3071

el
Alqusssy
11e12dg

*8ay (sun %) O 107

18101
Alquassy
1reisg
*8ay (syre §) 1301

‘L 91qel

10




Applicu to the raw material cost this gives:
assumed to cover all horon epoxy material lost, whatever the cost.

Table 8. F-111 Horizontal Stabilizer — Inspection and Tooling Hours N

$296/1b X 1,35 = $400/1b. This cost is t

Mfg to Inspection ratio:
{(Hrs)

Average

Nonrecurring Tooling:

Nonrecurring Tooling Material:

Sustaining Tooling:

Lot 12.3%
Lot 11 13.2%
Lot III 12,0%
Lot IV 12.3%
Lot V. 12.1%
Lot VI 10.8%

12, 08%

240,155 hrs

$2,054, 697
8231, 356

17,328 hours

Table 9, F-111A Boron Horizontal Stabilizer Structural Cost Data

Data Source Nomenclature

Manufacturing Hours

First Unit (hr/1b)

Steel Pivot Fitting

Titanium Assemblies

Boron Substructure

Bag Core

Box Assembly

Assembly only - Tip, Leading and Trailing Edges

Boron Skins

Total Manufacturing Hours (with Pivot Fitting)

12,0
47,0

44.4

11
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2.1,z Nivi, Data shown for the wing has been used in conjunction witih previously ’
developed horizontal stabilizer data in the development of the aerodynamic surfaces

module, The data and the steps in its development are discussed below by individual

airceralt,

A(X) Wing

Manufacturing direct labor hours for the Convair proposed A(X) aircraft have been

detailed as shown in Table 11. Aircraft subsystem hours under Wing Primary Assem-

bly represent assembly, installation, detail fabrication and hench assembly for those ;
elements and parts of the aircraft subsystems that are assembled into the wing, i.e., /
fuel system, flight controls, environmental control, hydraulics/pneumatics, electrical,

etc, A manufacturing WBS includes this portion of the assembly task as part of the

wing whereas an engineering WBS includes it as part of the respective sil:system,

Under an engineering oriented WBS, a wing contains structural task only. The break-

down of this data permits consideration either way, Muterial costs are shown in

Table 12,

Advanced Structure Fighter Wing Box

A cost estimate was submitted to the Fort Worth operation for the Upper and Le 1
Adhesive Bonded Honeycomb Panel Wing Box structural design concept (GD Convair
Drawing No. 610RW 004 "A'"), A summary of the data submitted is prescnted
herewith. The estimate is based on the AFFDL cost estimating method for aero-
dynamic surfaces, including CERs, for adhesive bonding that will be i:corporated ‘n
the method:

Recurring First Unit
Manufacturing Labor:

Detail Fabrication 9,935 hrs
Subassembly 2,525 hrs
Box Assembly 6,590 hrs
Material:
Structural $13,136
Assembly 3,360
Quality Control: 4,000 hrs

The above estimate does not include pylon fittings, pivot fitting, or any allowance for
rework, The following summary shows the extension of cos: to the 506th unit, and
includes rework,

13




Table 11. A(X) Prototype Estimate — Wing Manufacturing Labor Hours.

Detail Bench Floor Major Wing Wing

Fab Sub Assy Assy ASSY Primary Final Total
Wing Box = 7,735 o = 7,735
Ribs 1,821 = 925 = = 2,746
Spars 2,729 = 2,660 - = - 5,389
Skins & Stringers 632 = 784 = = = 1,416
Fuel Tight Corners 554 = = = = = 554
Other 1,193 169 - = 2 = 1,362
Sub Total 6,929 169 4,369 7,735 - - 19,202

Secondary Structure
Leading Edge 2,369 2,160 - = = - 4,529
Trailing Edge 118 89 - - - - 207
Ailerons 1,827 = 996 - % = 2,823
Tips 277 = S = - = 277
Spotilers 1,586 = 2,148 = - = 3,734
Flaps 2,707 = 2,675 - - = 5,382
Eng. Supt. Fitgs, 641 15 - - - - 476
Access Doors 572 1,143 - =] - - 1,715
Other 2, 68¢ 104 1,920 - - - 4,713
Sub Total 12,606 3,511 7,739 - - - 23,856

Wing Primary Assy
“Fuel System 2,941 656 = - 3,571 - 7,168
*I'light Controls 3,614 1,058 - - 2,001 - 6,723
*Envir, Control 264 119 - - 314 - 697
*[yd/Pneu 1,325 199 - - 1,278 - 2,802
*Ijeetrical 277 = = . 4,216 = 1,493
Other = - = - 792 e 792
Sub Total 8,421 2,032 - = 12,222 = 22,675

Wing Final Assy
Lcading Edge - - - - - 2,895 2,895
Trailing Edge = = = = = 89 89
Flaps - - - - - 1,150 1,150
Spoilers - - - - - 207 207
Wing Tips - - - - - - 1443 163
Access Door - - - = = 620 620
Aileron - - - - - 183 183
Other - ~ - - ~ 586 586
Subtotal - - - - - 5,983 5,983
TOTAL 27,956 5,712 12,108 7,735 12,222 5,983 [71,716
14




Table 12. A(X) Prototype Estimate — Wing Material Cost.

S/S Mat'1 MUV MUV S/S Total
Component Cost Rate Applicd Cost Mat'l Cost
Description Sub Total q (S/S) | (By Component)
Wing Box !
Rihs $ 2,393 29 $ 479 $ 2,872
Spars 2,665 20 533 3,198
Covers/Stringers 3,782 20 756 | 4,538
Fuel Tight Corners 12 20 2 14
Other 646 20 129 715 !
Struct Box Assy 459 14 64 523 o -
Sub Total $ 9,957 31,963 $11,920 $11,920 v
Sccendary Structure ;
Leading Edge $ 79 20 S 158 $ 949 B
Tralling Edge 230 20 46 276 B
Alierons 1,251 20 250 1,501 B
Wing Tips 46 20 9 55
Spollers J21 20 65 389
Flaps 515 20 109 654
Engine Suppt Ftgs 540 20 108 648
Access Doors 232 20 46 278
Other 4,929 20 | 987 5,915
Sub Total $ 8,888 $1,777 £19, 665 $10,665
Wing Pririary Assy
Wing Assy $ 1,102 14 $ 154 $ 1,256
Fuel Syst 19,208 Various 877 20,085
Flight Controls 20, 286 a 619 20,905
Environ Controls 2,048 o 48 2,096
Hydraulic Syst 5,903 " 199 6,102
Elect Syst 2,850 " 467 3,317
Sub Total $51, 397 $2, 364 $53, 761 $53,761
Wing Final Assy
Wing Mate $ 275 14 $ 39 $ 314 $ 314
Wing Ship Set Material Grand Total = $76,660




First Unit 506th Unit

Manufacturing Detail Fahrication 9,935 hrs 745 hrs
Manufacturing Assembly 9,115 hrs 1,375 hrs
Quality Control 4,000 hrs 445 hrs
Rework at 12% 310 hrs
Labor 2,875 hrs
Material 316,500 $10,400

Progress Curve Application:
73% Learning Factor (0, 0592) + 0, 0158 = 0, 075 for mfg, detail fabrication
81% Learning Factor for mfg. assembly
21% of manufacturing labor hours for quality control

95% learning factor for material

The Manufacturing and Quality Control labor total of 2,875 hours compares to 2,907
hours obtained by the Fort Worth operation by grass roots estimating techniques- the
$10,400 material estimate compares to a figure of $11, 284,

F-111 Wing

Cost data is presented for the F~111 wing box hased on an analysis performed under
Contract F33615-72-C-2149, Advanced Air Superiority Fighter Wing Structures Pro-
gram., Wing box data is based on the F-111F design., A separate analysis was per-
formed for secondary structure,

Figures were extrapolated from costs gathered during the production of a specific
aircraft: aircraft No, 506. Using these data as a point baseline, learning curves and
recorded data were used to establish a baseline for costs, Unit costs for the 1st, 2nd,
50th, 150th, 200th, 506th, and 800th unit are presented, These costs were generated
for a production rate of 20 aircraft per month, The point cost for Unit 506 was deter-
mined for the actual production rate and is provided for refercnce, Component costs
for skins, ribs, spars, etc,, were established for the point aircraft only,

The cost information is based on expenses incurred in the fabrication, assembly, and
outside procurement activities for the production of an F-111F wind during manufac-
turing Lot Numher 20. This lot consisted of 22 F-111F aircraft numbered 37 through
58 and represents Aircraft 495 through 516 in the overall F-111 production program,
Only the basic wing box is included in the first set of numbers; the leading edge, trail-
ing edge, tip, and pivot fitting follow, Pylon attach points are included, but the com~
ponents required to rotate them are not included. Electrical and fuel equipment is not
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included. All assembly operations associated with the basic wing box are included in
the cost, These include fuel sealing and internal corrosion protection systems rc-
quired to ensure the integrity of the integral fuel tank, Painting of the external surface
is not included since that operation is perforr-ed after installation to the aircraft, The
point cost generated for F-111 number 506 has been used to establish a stable baseline y
for comparison, Since the production rate greatly affects the overall cost of a struc-
ture, the baseline cost was evaluated to determine the effect of an alternate 20 air-
craft per month production rate, Labor rates and material costs in effect during pro-
duction of the point aircraft were used to cost the baseline, and to generate the base-
line cost curve. This curve shows costs for 1, 2, 50, 150, 200, 506, and 800 aircraft
all based on rates and charges used for the point aircraft, / '

A breakdown of costs by general components is provided in Table 13, Included in the
individual component cost is all recurring direct charges for material, fabrication,
hardware, finishing, installation into the basic wing box, and sealing operations,
These figures are based on the point aircraft at the average production rate actually
experienced during the F-111 program,

Costs for production quantities are shown in detail in Tabie 14, The point aircralt
costs for both actual production rate and for 20 aircraft per month are shown in Table
14 to permit cross referencing to Tahle 13,

Overhead costs plus General and Administrative charges are shown in Table 14 for
information, Table 14 is from Reference 1.

Available secondary structure cost data is summarized in Table 15, Figures are per
wing, i.e., /2 ship set,

A-5A Wing (ncluding Empennage)

Available cost data for the A-5A wing and tail structure is shown in Table 16.

T-2A Wing (Including Empennage)

Available cost data for the T:-2A wing and tail structure is shown in Table 17,

2,1.3 VERTICAL STABILIZER, Resources have not been invested in a systematic
study of detailed vertical stabilizer costs since it was considered to be similar to the
horizontal stabilizer, Readily available data was accumulated and is shown,

C~-5A Vertical Stabilizer Material Cost

Table 18 gives average ship-set material cost for Lot 3 by manufacturing item number,
Costs shown exclude manufacturing usage variance and allocation for bulk materials,
Lot 3 comprises units 14 thru 31,
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Table 13, F-111 Wing Box Component Cost Breakdown, 506th Unit

Component; Activity Cost
1, Upper Skin $ 1,903,89 ]
2. Lower Skin 3,011,75 ".
3. Spars 19,803,13
4, Ribs 2,825, 07
5. Pylons 9, 023,75

. Miscellaneous 6,072,41

116,00

6
7. Mifg. Direct Charges
8
9

. Subtotal (1-7) $42, 756, 00
Engineering 1,400, 00

10, Tooling Mainterince 554, 00
11. Other Direct Charges 35,00
12, Subtotal (9-11) $ 2,029,00
13, Overhead 23,665, 00

14, General & Administrative 5,475, 00

15. Subtotal (13 & 14) $29,140, 00
Total Cost $73,925

C~141 Vertical Stabilizer

Table 19 gives the unit labor hours for the first five production units broken down by
major structural item and by category of manufacturing cost., Additional detailed
data is available organized in a standard manufacturing breakdown.

2.1.4 FUSELAGE, Detailed analyses of fuselage cost for a section of the DC-10
fuselage and for the Convair proposed A(X) are currently in progress, The B-58 air-
craft cost study provided under NASA was reviewed for detailed cost data, however,
it was found that the subsystem level was the lowest level to which costs were broken
down, This data appears in Sections 2,3 and 3.2 as appropriate, The following data
is available for the A-5A and T-2A aircraft,

A-5A Fuselage

Available data is summarized in Table 20,
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Table 15, F-111 Wing Secondary Structure Cost Breakdown
Machine & { Installation Material Outside
tem Assembly Lahor Procure-
Labor ment
(hr) (hr) g
Inboard and Outhoard
Spoiler Assemblies 141 16 S 302 S 482
Airflow Deflectors 173 1¢ 191 -
Trailing Edge Assembly &25 480 12,277 7,235
Leading Edge Assembly 876 176 4,202 3,949
Table 16, A-5A Aerodynamic Surfaces Cost Data
(50 A/C Program)
Weight Hours/Lb
Item (1b) (First Unit)
Grand Total Body, Wing & Tail Structure 14,079 23.8
Total Wing Structure 5,167 13.6
Spoilers & Deflectors 314 18.4
Flaps 534 10,9
Outer & Intermediate Panel
Trailing & Leading Edges 4,319 13,7
Total Tail Structure 1,731 16.1
Horizontal Stabilizer 1,165 11.7
Vertical Stabilizer 566 24.3




Table 17. T-2A Acrodynamic Surfaces Cost Data
(200 A/C Program)
Weight Hours/Lb
Item (1h) (First Unit)
Total Body, Wing, and Tail Structure 2,661 20.1
Total Wing Group Structure 1,161 17,1
Wing Structure (Incl, Tips) 879 19.0
Flaps 127 11,5
Ailerons 87 7.5
Main Gear Doors (wing) 68 11,2
Total Tail Group Structure 285 19,3
Stabilizer 162 13.8
Elevators 85 19.6
Rudders 38 44,0
Table 18, Total Unit Average Material Cost — C-5A Ve . weul
Stabilizer Box Structure
Cv Lot I
Mig, Convair Mfg, S/S Avg, Cost
Item No, Item Description By Mfg, Item
15 Structural Assembly Task $ 1,855.93
16 Ladder Assembly 60.40
18 Pivot Fitting Assembly 6,303,70
21 Rear Beam Assembly 2,097, 64
22 Front Auxiliary Beam Assembly 703. 88
23 Rib Assemblies 1,521,48
24 Front Beam Assembly 1,854, 66
25 Auxiliary Beam Assembly 222,25
26 Skin Pancl Assembly, L., H, 20, 040, 39
260 Skin Pancl Assembly, R, H, 17,752.83

S/S Average Cost Excl, MUV & Alloc,

$ 52,413.16
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Table 19, C-141 Vertical Stabilizers Manufacturing Labor "
Cost Unit Hours Per Ship B
Item Category #1 #2 #3 #4 #5 8
Vertical Fabrication 4768 4768 4767 4767 4767 b
Stabilizer Sub Assembly 1453 1453 1453 1453 1452
Assembly Major 7535 4870 5105 4575 3978
Assist 539 539 539 539 538
Total 14295 11630 11864 11334 10735
5 Upit Total = 59858 )
Rudder Fabrication 380 380 379 379 379
Sub Assembly 360 360 360 360 359
Major 818 671 620 606 528
Assist 36 36 35 35 35
Total 1594 1447 1394 1380 1301
5 Unit Total = 7116 ;
Vertical Fabrication 77 77 77 77 76
Stabilizer Sub Assembly 4 4 4 3 3
Leading Major 225 92 152 66 93
Edge Assist 9 9 9 9 8
Total 315 182 242 155 180
5 Unit Total = 1074
Summary
Vertical Fabrication 5225 5225 5223 5223 5222
Stabilizer Sub Assembly 1817 1817 1817 1816 1814
Components Major 8578 5633 5877 5247 4599
Assist 584 584 583 583 581
16204 13259 13500 12869 12216

5 Unit Total = 68048

Static Article

Fatigue Article

Fabrication 13551 Fabrication 13528

Sub Assembly 2414 Sub Assembly 3454

Major Assembly 12482 Major Assembly 9806

Assist 531 Assist 531
Total 28978 Total 27319
i o




Table 20, A5A Fuselage Cost Data (50 A/C Program)

Equipment Bay Access Door

Total Intermediate Fuselage Structure

Intermediate Structure
Main Landing Gear Door
Total Aft Fuselage Structure

Aft Fuselage Structure

Weight Hours/Lb
Item (Ib) (First Unit
Grand Total Body, Wing & Tail Structure 14,079 23.8
Total Body Structure 7,181 33.3
Total Forward Fuselage Structure 1,086 42,7
Forward Fuselage Structure 418 90.9
Windshield 88 16,2
Canopy 423 12,0
Auxiliary Landing Gear Door 35 9.8
. Door, Inflight Refueling Probe 7 103.0
} Radome 75 7.5

& Engine Access Doors

23




T-2A Fusclage
Available data is summarized in Table 21,
Table 21, T-2A Fuselage Cost Data (200 A/C Program)
Weight Hours/Lb
Item (1123)] (FFirst Unit)

Total Body, Wing, and Tail Structure 2,661 20.1
Total Body Structurc 1,215 23.6 '8
Total Forward Fuselage Structurc 658 24.9 ‘
Forward Fuselage Structure 325 34,1
Windshield 47 6.5
Canopy Structure 151 16.4

: Nose Gear Door 14 27.1
Forward Engine Access Doors 63 19,0
Baggage Compartment Door 22 20,0
Equipment Bay Access Door 36 19.8
Total Intermediate Fuselage Structure 320 23.3
Intermediate Fuselage Structure 249 23,7
Aft Engine Access Door 71 18.7
Total Aft Fuselage Structure 237 19.0

b Aft Fuselage Structure 188 20.3

} Speed Brake 49 14,2

2.2 SUBASSEMBLY LEVEL COST DATA ORGANIZATION

Detailed level cost data has been organized according to the manufacturing first unit
CER structure to support the derivation of estimating coefficients,

2.2,1 MANUFACTURING LABOR, A series of 39 charts, Figures 1 thru 39 inclusive,
show the plots of available data for first unit detail fabrication and subassembly labor
hours for aerodynamic surfaces, These charts will be augmented as additional data
is processed, The use of this data in the derivation of cost estimating coefficients is
explained in Volume I, Similar charts for fuselage components will be developed dur-
. ing the next phase of the study.
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Spar Subassembly
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Center Section Detail Fabrication
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Figure 34. Elevators Subassembly, Hrs/Lb and Weights.
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Primary Box Assembly
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2.2.2 MATERIAL COST DATA, Thec material cost data organization is that developed 1
for the horizontal stabilizer fcasibility study. Basic data is shown in TFigurc 40 for f
ribs, spars, and covers, Sheet stock cost for sheet design covers is taken as the
reference cost, which is shown by the solid line. Differcences between mill prices

and the costs indicated reflect adjustment for actual scrappage from cut-off, machin-
ing, drilling, etc., as wcll as the cost of shipping, rcceiving inspection, inventory
storage, and a portion of material control and handling costs, The estimating equa-
tions use adjusted raw material cost and a scrappage factor as the estimating variables,
Scrappage factors were independently developed. These are shown in Table 22, These
factors were applied to the original data (Figure 40) to arrive at a normalized sct of )
values, as shown in Figure 41, A curve fit of normalized aluminum and titanium val- e
L, ues gives the two curves shown in Figure 41, (Also shown in Figurc 40.) Extrapolat-

ing these lines back to the one~pound intercept provides the basis for the adjusted raw

material cost used for estimating purposes. These values are summarized in Table

23,

Figure 42 shows data for secondary box structure and other structure material cost.
.L This includes fairings, leading edges, training edges, elevators, balancc weights,

tips, hinges, brackets, seals, access doors and frames, actuator attachment struc-
ture, pivots and folds, and center sections,

The material cost per assembly hour factors used in various material cost estimating
equations are based on Figure 43 for basic hox assembly hours and Figure 44 for com-
ponent final assembly hours, These values are summarized in Table 23,

Fastener type material cost factors are given in Table 23. Thesec were developed
based on consideration of the C-5 fastener type material cost factors noted in Figures
43 and 44 modified by manufacturing experience,

2,3 SUBSYSTEM LEVEL COST DATA

Subsystem level cost data is used in both the trade study and system coscing metheds:
in the area of nonrect rring costs, where common CERs arc used; as data showing
actual costs of basic structure major components to be used to calibrate the results of
the detailed estimating process; and in the system cost estimating technique develop-
ment in the derivation of cost estimating relationships. It should be noted that subsys-
tena level data has been shown throughout this volume in the form of aggregations of
the detailed data, This data is not being repeated. The data shown in this secction is
that uscd in ihe derivation of subsystem level trade study CERs,

2.3,1 ENGINEERING DIRECT LABOR DATA, Data used in the development ol the
cost estimating relationship for norrecurring engineering direct labor hours is given
in Table 24, Data is also includec for the fuselage since this component is expected to
be handled by the same CER form,
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2.3.2 TOOLING DIRECT LABOR DATA., Applicable tool manufacturing direct lahor
hours data are shown in Table 25.

2,3.3 MANUFACTURING COST DATA, Data is presented in the form of cither first
unit cost or first unit cost per pound, This data is in addition to previously detailed
data,

B-58 Cost Data

Results of the B-58 Aircraft Cost Study performed for NASA by the Fort Worth Divi-
sion under Contract NAS9-12101 were reviewed, The cost data contained thercin is
at the subsystem level of detail, These data will he useful to this study in two ways:
(a) as a set of data points showing actual costs of basic structure major components
that can be used to calibrate the results of the detailed estimating process, and (b) in
the system cost estimating technique development as data for usc in developing cost
estimating relationships. The data is summarized in Table 26,
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Table 26,

B-58 Subsystems First Unit Cost

Airframe and Related Subsystems:

Structure
Landing Gear
Nacelles
Fuseclage
Wing
Tail

Propulsion

I'light Control

Electrical Power

Hydraulics

Escape Capsule

Environmental Control

Vechicle Installation, Assembly and Checkout

Avionics Subsystems

Bomb/Nav,
M&T Cont,
Passive Defense
Data

Active Defense

$ 8.54M
50, 78M
1,95M
2.1TM
3.36M
0. 28M
0,06M
1.39M
0.50M
0.13M
0,18M
0.36M
1,70M
$12,86M
$95.17
0,40
1.08
2,66
0,53 13,84
$26.70M

Lo i




SECTION IO

COST TREND DATA ;

A varicly of cost trend charts have been prepared under a cost trend data amendment
to contract numbor 1°83515-72-C-2083, Charts presenting costs (inflated to 1973
dollars) as a function of physical/design parameters and other cost trends have been
prepared, A specific cost terminology has been used for all charls, as delined below.,

Prozram cost inzludes the R&D cost plus procurement cost for the specilied number
of aircraft, Il a 100-aircrafl program nmumbor is mentionzd, for example, this
always means the entire cost for the first 100 or other specified namber produced,
Aircraft cost includes all of the recurring cost of aireraft produced, including cost
of enzines, avionics, armament, recurring looling support, rcecurring engineering
support, and all other recurring production costs.  Airframe cost again veiers o
recurring airceraft production vosis including recurring engincering and tooling but
omitting enzines, armament, and avionics,

Siructure cost means cost of structure only, This has been achieved in some car o8
hy adjusting "cost center data' to remove costs incurred at the cost center tor in-
stalling portions of clectrical, hydraulic insirumentation, [lignt conlrol and other
nonstructural subsystems,  Adjustment pereentages used were based upon F4H andd
B-58 cost hreakdowns available,

) Charls ave presented in the following subcategories and in the order listed.

a, Parametric Cost Trend Charts
r bh. Economic Faztors Cost Trend Charts
l ¢. Aircraft Prozram Cost Charts

d, tructure Subasscembly Cost Charts

In"lation adjustments have been taken {rom Cost Rescearch Report Number 110A,

dated May 1973, preparved by the comptroller's office at Acronautical Systems Divi-
sion of Wright-Palterson Air Force Base, Ohio, Data have been oblained from
reports available to General Dynamices Coavair, In some cases it was necessary (o
mitke calculations, by using cost-quantity cuarves for example, o produce comparable
data values., Oceasionally, other adjustments such as estimating lor and adding in a
missing cosl such as production material cost was necessary, These adjustments

s and interpretations have been made on a best efforts basis,




.—

——

T TS T e T

It is quite probable that with additional resources some additional data could be
developed,  The arceas of effort would include additional library seavch and possibly
more analysis of available information. Additional data poirts would he expected o
reinforcee the genceral trends already shown by the charts,

Most desirabie ave additional data on structural costs relating to the major struc-
ture subassemblies, These data ave needed to more accurately calibrate and evalu-
aze the cost prediction technique which is the primary contractual cffort. In this
area no additional duta are available without extensive development,

Parametric Cost Trend Charts

Two seis of cos aireraft and airframe, have heen plotted against AMPR weight,
design gross weignt, speed, range, density, wing loadinz, design Q, and wetted
surface area. Costs arve plotted in terms of 1973 dollars per AMPR pound which
normalizes the direet effect of weight/size on total aireraft or airframe cost.

AMPR weight is defined in the Acronautical Manifacturers' Planning Report as "he
empty weight of the planes less (1) wheels, brakes, tires and tubes; (2) engines:

(3) starter; (4) cooling [luid; (5) rubber or nvlon fuel cells; (6) instruments;

(7) batteries and electrical power supply and conversion cquipment; (8) clectronic
equipment; (9) turret mechanism and power operated gun mounts; (10) remote fire
mechanism an‘t sighting and scanning cquipment; (11) aircon‘litioning units und fluid;
(12) auxiliavy power plant; and (13) trapped fuel and oil, "' This weight conzept may
he referred to in current sources as "DCPR' weignt, after the new Defense Con-
tractors' Planning Report,

In ditferent words the airceraft cost for purposes of the cost trend charts includes
manulacturing labor, recurring quality control manafacturing materials, recurring
engineering and {ooling as well as installed propulsion, avionics, armament or other
speeial systems, The airframe cost inzludes all the above excepling installed pro-
pulsion avionics, or armamen! systems, Costs for all the cost versus parameier
charts are cumulative average values for the first 100 aireralt produced in 1973
dollars, Comments regavdinz the individual chavts tollows:

Figure 45. There is a separation »f aircralt cost as a function of speed scen in the
chart, The faster aireraft show higher cost. Also, a downward slope with ince as-
iny weight is seen for airceraft with the same genceral speed range, Data points ave
more scattered for the aircraft points than for the airlrame points because of

variations in amount and complexity of installed equipment.

Figure 46. The same scparation by speed  ranze and same downward cost trend
with increasing weight is scen as before,  The dashed trendd lines indicate these
cffcets,
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Figures 47 and 48. The same general remarks as for Figures 45 and 46 apply to the
cost versus gross weight presentations. Gross weight is the maximum allowable
takeoff weight. The dashed trend lines are again drawn in Figure 148.

Figures 19 and 50. These examine costs as a function ol maximum speed in knots at
best altitude. A definite upward cost trend with increasing speed is seen.

Figures 51 and 52. These show costs as a function ol maximum operating range. Al-
though a definite trend can be seen for the subsonic aircraft, range does not appear
as a good cost-related parameter for the higher pcrformance airceraft.

Figures 53 and 54. The figures show an increasing cost trend as density increases.
Density here is defined as AMPR weight divided by airframe volume.

Figures 55 and 56. These charts ol cost versus wing loading do not show any obvious
trends. Wing loading is defined as maximum gross weight divided by wing area.

Figures 57 and 58. These charts show costs as a function ol aerodynamic pressure,
or "design ), in terms of pounds per square foot. The charts show an increasing

cost with increasing ). The slope of the trend breaks sharply upward as pressures
rise above 1000 pounds per square foot,

Figure 59. The points available for plotting show a decreasing cost per pound trend
with increasing wetted surface area. It should be noted that a cluster of fighters
make up one end of the trend line while relatively slow bombers and a cargo carrier
make up the other end The larger, last aircraft such as B-58, B-1, B-70 and SST
would be expected to fall well above the trend line indicated here. Also note that
surface area is a size parameter which is related to weight, therefore, similarity to
cost compared to weight can be expected.

Figure 60. The same downward cost trend with increasing wcited surface area is
seen. Scatter of data points about the trend is less using "airframe™ cost.

Figure 61. This figure shows whole airframe costs as a function of wetted surface
area while airframe cost is calculated by multiplying the cost per pound times the
AMPR weight. No trend improvement over that of Figure 80 is seen. An increasing
cost with size trend is noted. The C-130 being a slower, boxy type aircraft stands
off the trend line on the low side. This is probably typical of cargo type aircraft.

While costs do exhibit trends with various single parameters, improved fits to pre-
dicted versus actual cost line have been obtained by others using multiple correlation
statistical analysis techniques which consider more than one parameter simultaneously.
Parametric cost predictions at the whole airframe or aircraft level usually use equa-
tions based upon this type of analysis. Computer processing is required. Reference 1
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describes a set of equations based upon multiple correlation of AMPR weight and speed !
which is widely used. Over the years, considerable resources have been spent in pur- i
suit of similar techniques. So far, no one has achieved really outstanding results,
prokably because all aircraft and aircraft manufacturers have some unique design

attributes or structural features which are not account for by these relatively simple
procedures,

Economic Cost Trend Charls

This scction is made up of a serics of charts showing several cconomic trends. The
[irst chart, Figurc 62, shows the generally increasing cost per pound of newer air-
craft. The costs shown are not inflated, therefore, the upward cost trend since the
late 1930's includes not only inflation factors but improvements in general [light per-
formance and greater avionic system capability as well, Weights data for several of
the older aircraft were furnished by Col, Clark, Rel., of the San Diego Acrospace
Muscum. Cost per pound for the Spad and the SE-5 came out relatively high becausce
of the very low AMPR weight of these aircralflt,

Figure 63 examines RDT&E costs as a function of the aircraft design gross weight.,
The RDT&E costs include the full aireraft development program including avionics,
armamen’ and any other special system development bul excludes engine develop-
menil., The available data points show good corrclation between RDT&E and design
gross weight although the [aster aircralt and/or thosc with complex systems appear

on the nigh side of the trend.

F'igure 64 shows the same RDT&E costs plotted against speed. There is a definite
upward cost trend with speed but with more scatter, The X-15 aircraft stands oul
on this chart. This aircraft was morc of a protolype/resecarch bed than a true air-
craft. As is well known, it was launched at 50, 000 from under the winy of a
"mother' ship, Only minimum aircraft subsystems were aboard, landing was on
skids for example.

Figure 65 describes costs to carry freight under both military and commercial
operations, Costs of the military aircraft cargo airerafl arce influcnced by scveral
factors which can occur, Thesc arc:

a. Follow-on [rom a commercial program with lower R&D/modilication costs and
price advantages duc to prior production,

b. Large production orders which yicld lower average procurement cost and lower
pro-rated R&D cost por aireraft.

c. Special design requirements such as short ficld and/or rough (icld specifications
which may add to cost and may reduce ton mile capability.
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Costs per ton mile are influcnced by the additional consideration of aireraft speed,
payload capacity, hours of utilization, There seem to be a slight downward military
ton mile cost trend with time., y

Commercial costs shown are average valucs from 12 airlines. The commecercial costs

are not dircetly comparable to the military costs because the commercial inzludes

costs for ground cargo handlinz as well as costs for all other supporting porsonnel, @
whereas, the military costs are only those directly atiributable to aircrafi procure-
ment including RDT&E, plus direct flying and aircraft maintenance costs.,  The C-5
is assumed limited to 10, 000 hours of uscful life because of structural fatigue exper-
icnce. Th2 ton mile cost would improve by more than a factor of 2 if useful life could
be increased to the 36,000 hours expeeted for the C-141.

Figure 66 shows the same cost values as plotted previously against year ol introduc-
tion now ploticd against payload capacity. The previous comments regarding cost
per ton mile continue to apply. As was logically expected, there is a downward cost
trend with inzreasing payload capacity bat with considerable scatter attributable to
the factors previously discussed,

Aircraft Prosram Cost Charts

Charts have been prepared desceribing the F-102, F-106, and the B-58 programs,

All costs have been inflated o 1973 dollar values. Thase charls show graphically the
relation between monies expaended for RDT&E compared to production hardware ex-
penditures for various quantities of aircraft,

Figure 67 shows the cost distribution for a 100-aircraft F-102 program cxcluding cn-
gine and avionics considerations as noted, Figurc 68 shows the 300-aircralt F-102
program on the same hasis., Figure 69 shows the 500-aircraft F-102 program. In
this case production costs of engines and avionics are included as separate ''pic'
scelions.,  Figures 70 and 71 show similar cost breakdowns as have been described
for the F~102 program,

T T ey

Th~ foregoing charts show what everybody already knows, and that is, average pro-
rated RDT&E cost per aireraft goes down the more of that aircrafi produced. So,
there are two areas for cost per aircraft improvement with larger orders: The
usual cost-quantity effect and the lower pro-rata RDT&E.

Figure 72 shows a 100-aircralt B-58 program,. This aircralt was characterized by
a very unusual numhber of on-board special systems, There was additional grounl
handling and special checkout equipment also. All of these systems together made
the B~58 an claborate and relatively expensive aircraft,
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Wi
Prod. Support §33-9 Flight Test
Tooling & Engr. $115.0M
$68.0M
“'M
Production Wing Tunnel
$209. 5M Models, Mockups, STE,

& Other Testing
SR8, 0M

(Engine Cost $28.0M and
$22.4M Armament Not

| Included)

\

.\\‘

A
\

e

Total 1973 Dollars = $576.7M

Note: Avionics and Engines Are Not Included in Either RDT&E Or Production

Figure 67. F-102 One Hundred Aircraft Program.
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/\ | .
./ Production \
 Support, Tooling & Flight Test P
A Engineering $115. 0M ‘
g $109.0M
i $109 Models,
/ Mockups, STE
/" & Other Testing
: $88.0M
{
// —
/—‘-‘.’ " Engincering $42.3M
\-.
\.
Production
$525. 0M

(Engine Cost $83.1M & $67.2M
Armament Cost Not Included)

Total 1973 Dollars = $913.2M

Note: Avionics and Engines Are Not Included In Either RDT&E Or Production

Figure 63. F-102 Three Hundred Aircraft Program.




e T T
B i \\‘\‘
” Prod. Support | Flight Test /™.
Tool. & PIt. $115.0M ;
y “Too i $115 / &s%o,{, “« h
) \ Engr. P ?O
7 \ $143.1M %
\
/
d J
S \ i
R Installed Engines
Airframe Production $140. 0M J
$694. OM
\
.\\
=
\

—

e e e

Total 1973 Dollars = $1367. 9M

Note: Avionics and Engine Costs Have Been Added For Production Only

1 Figure 69. F-102 Five Hundred Aircraflt Program.
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g 1B
Flight Test \»\._ :
$108. 1M \

Wind
unnel, Models \
Mockups, STE and
Other Testing
$140.5M

Production
5336.0
(Engine Cost 334.9M and
$96. 2M Armament Cost
Not Included)

Total 1973 Dollars = $717.7TM

Note: Avionics and Engines are Not Included in Either RDT&E Or Production

Figure 70. F-106 One Hundred Aircraft Program.




Note:

Airframe Production

$759.0M
nstalled Engines
F104.7TM
Electronics,
Fire Control, Ordnance, & |
Armament. 52588, 5M _
k£
N
\\ /
' >
\. s

.

Total 1973 Dollars = $1570.3M

Avionics and Engine Costs Have Been Added [For Production Only

Figure 71. F-106 Three Hundred Aircraft Program.



Total 1973 Dollars = §1677.7TM

Notes - None of the Following Program Costs Are Included Above.

Modifications $174. 0M
Spares $123.4M
AGE $161.3M
Personnel Subsystems $ 692.4M
Other $137.7TM

- Airframe Production Includes $91.1M for Assembly & checkout

Figure 72. B-58 One Hundred Aircraft Programs.
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Structurce Subasscembly Cost Charts

The followinz collection of charts examines costs of structure in terms of labor hours
par pound against structurce weigh', Four categories ol structures ave examined:
wing, luseclage, vertical stabilizer, and horizontal stabilizer, Hours ave defined as A
recurring manufacturing labor including recurring quality control hours. ELEffort was
i ade to adjust for outside contract tasks which would normally bz a part of the manu- '
facturing task, Recurring tooling or engincering hours arc not included.

An important adjustment was required on some of the data points for fusclage and
wing, This adjustment process was nzcessary because aireraft manufacturers usu-
ally do not manufacture structurc only, huat also "build in'" parts of other aircrafl
subsystems at the same time.  Subsystems parts of which may be assembledduring
structure buildup include clectrical, hydraulic, instramentation, flight control, fuel,
and others. The procedure for adjustment consisted first in reading any description
accompanying the data very carcfully to determine if such an adjustment has already
been made, If not, then a reduction of 32.5 percent was made in the fuselage manu-
facturing hours and a 24.5 percent reduction was made in the wing hours, No adjust-
ment of horizontal or verlical stabilizer structurc was made., These adjustment per-
centages are hased upon study of available detailed cost breakdown data and are con-
sidercd as approximate values for military aircraft. Additional data arc needed in
this arca to perhaps improve this adjustment procedure.

The structure subassembly manufacturing labor cost charts are arranged to show
first shipset unit cost first followed by a chart showing the cumulative average cost
for 50 shipscts and also a chart for the cumulative average cost [or 100 shipsets.
Also in cach scrices is a chart of first unit shipset hours plotted as a function of the
aircraft hest speed at best altitude.

FFuselage Siructure

Figurce 73 shows the {irst of the serics of fusclage structure maiufacluring labor cost
charts, The fuselage structurce is assumed complele, including doors, access open-
ings, and all other included structurc items, This chart shows first unit hours,
Provably a trend line for subsonic aircralt could be drawn using the T2A, CL-41,
DC-10 and C~141 points, The higher periormance airceraft fusclage structure hours
fall well above this line.

Figures 74 and 75 show data for a cumulative average production ol 54 and 100 ship-
scts respectively, Cost relations/trends are similar in both Figures 74 and 75 to
thosec of Figure 73.

Figurc 76 shows the first unit labor hours per pound plotted against airceralt speed,
An upward trend with speed is seen,
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Wing Structure.  Wing structure includes both wings and includes flaps, tips, roll
control surfaces or clevons, etc. Not included are fuel tanks or fuel system clements,
landing gear or other subsystem controls or hardwarce. Figures 77 through 80 show
the same scquence of charts as was shown for fuselages. In the case of wings, the

spread of costs between wings for low and high speed aireraft in terms of cost per
pound versus weight scems narrower, i.c¢,, less scatier. The same general down-
ward slope with weight is seen although the slope may be somewhat less than for
fusclages.

Horizontal Stabilizer Structure. Horizontal stabilizer structure includes all struc-
tural elements including control surfaces and ballast weight, Inclusion of the hallast
weight tends to lower the apparent cost per pound since little labor is spent on the
weights. In Figure 81, the first unit costs follow a rather good trend line. The
abbreviation owp stands for outer wing panel. Figures 82 and 83 show more scatter
developing as different learning curve slopes come into effect, [Figure 84 does not
show any definite cost trends with speed.

Vertical Stabilizer Structure. Vertical stabilizer structure is intended to include all
structural clements including the rudder. However, in the case of the B-52 and the
IF-111, the rudders are not included in cither the hours or the weight. Including the
rudder probably would not effect hours per pound greatly, but would shift weights
somewhat to the right on the chart. Iigures 85 through 88 show available data for
vertical stabilizer structure on the same basis as the previous figures. Cost trends
comparce with those secen for the horizontal stabilizer.

Summary of Structure Subasscmbly Costs

Costs for structure subassemblies were found to follow understandable trends. No
outstandingly low costs per pound were found. On some aircraft the actual cost of
structure is rather low compared to the total program cost. IFor example, in the
116-aircraft B-58 program, disregarding thc structural cost aspects of the flight
test and pod programs, the cost for basic aircraft structure itself, including RDT&E,
was only 14.5 percent of the total program cost.
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Figure 84. Horizontal Stabilizer Structure Hours per lb. versus Speed.
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APPENDIX A

SUPPLEMENTAL COMPLEXITY FACTOR DATA
This appendix consists of a series of seventeen worksheets ‘that provide back-up data
for the derivation of complexity factors used in the estimating procedure as outlined

in Volume IV. The derivation of complexity factors is described in Volume I, pp. 51-
58.
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